ABSTRACT. Four varietal wines Fetească Neagră, Merlot, Cabernet Sauvignon and Pinot Noir from Romania were submitted to a liquid-liquid extraction with dichloromethane and analysed by gas chromatography-mass spectrometry (GC-MS). A total of 29 volatile compounds were identified and quantified over two periods of ageing. Wines were differentiated by a number of compounds, such as esters, higher alcohols, and lactones. During wine ageing, all chemicals changed in the volatile composition. Most of alcohols and acids (hexanoic and octanoic acids) increased during ageing, while the esters, except ethyl lactate and diethyl succinate, were found in lower concentrations as ageing time increased. Considering all the volatile compounds detected, esters and higher alcohols are the main contributors for Romanian red wines.
INTRODUCTION
Volatile compounds (VOCs) have an important role in contributing to wine aromatic attributes, beverage flavor and its quality [1] . Aroma and flavor compounds are found and released in three distinct categories: 1) they originate from the grapes where they are synthesized; 2) most of them are formed during the process of grape must fermentation, and 3) they result from aging and storage [2, 3] . About 600 to 800 volatile compounds such as alcohols, esters organic acids, aldehydes, ethers, ketones, and terpenes, etc.,
Qualitative and quantitative characterizations of volatile compounds in wine are performed by GC-MS, as one of the most sensitive techniques for the analysis of volatile compounds in wine [29, 30] . Since wine is a complex matrix, GC-MS is suitable for quantification purposes, using the polar column for separation of the components, due to the fact that is more sensitive for analysis of components present in a low concentration [31] . The volatile compounds are usually extracted by different methods, such as solid-phase extraction [32] , solid-phase micro-extraction [33] , stir bar sorptive extraction [34] , or liquid-liquid extraction methods using organic solvents [35] before the gas chromatographic analysis. There are few data available for the volatile compounds of the international grape varieties grown in Romania and wines, but also for Romanian grape varieties and wines [36] [37] [38] . Fetească Neagră is one of the most widespread and economically important cultivars grown in Romania [39] . Previous research has been performed on the volatile composition of the Fetească Neagră wines by Miclean et al., 2010, Antoce, 2012, Palade et al., 2016 [40] [41] [42] . Therefore, the aim of the present work was to characterize the main volatile component for the first time of the autochthonous red wine Fetească Neagră grown in two wine regions in Romania and Cabernet Sauvignon, Merlot, and Pinot Noir wines, produced from grape varieties grown in the north-east and south-east regions of Romania.
RESULTS AND DISCUSSION
The basic composition of the wine was analyzed according to the methods proposed by OIV 2013 and the results are revealed in Table 1 .
The ethanol content of the red wine decreased during the 6 months of aging with losses of about 0.3-0.5%, in according with other studies [43] .
As shown in Table 1 , there was an increase in volatile acidity during barrel ageing, which could be primarily due to the extraction of volatile acids from the oak [44] and to ethanol oxidation. Barrels are the same in coopering methods and are provided by the same tonnellerie, so the barrel type had no influence in volatile acidity. Titratable acidity (Table 1) presented an increase due to the rise in volatile acidity, during the 6 months of ageing this rise, indicating the extraction of carboxylic, phenolic and volatile acids from wood, as suggested by Canas, 2017 [45] . In all wine samples, free and total SO 2 content decreased with storage time. The losses of total SO 2 during ageing may be attributed to measurable oxygen permeability of oak staves of barrels. The free SO 2 and total SO 2 values for all wine samples were less or equal with specific limit existing for red wines to 35 ml/L, respectively 200 mg/L, proposed by EU [46] . These parameters were determined in duplicates. The 29 volatile compounds grouped according to their chemical structure, include 10 alcohols, 11 esters, 5 fatty acids, 1 lactone and 2 other compounds -acetonvanilona, ethyl vanillate, were identified and quantified in red wine samples (Table 2 and Table 3 ). The sub-total concentration of particular classes and their percentage of the total content of volatile compounds were calculated to verify whether the examined wines differentiated in proportions of aroma compounds classes.
Wine volatile compounds, such as esters, acids, and alcohols, are transformed during wine ageing, leading to changes in wine aroma [47] .
Interesting similarities were observed in the evolutionary trends of volatile compounds during 6 and 12 months of the aging period. It was noted that volatile compounds possessed different evolution patterns during aging. Some volatiles decreased in the concentration along with the aging period. The majority of esters, alcohols, and acids followed an evolution pattern where an increase in the concentration was observed in 12 months (Table 3) of aging compared with 6 months period ( Table 2) .
Alcohols
Overall, 10 alcohols have been identified in the analyzed red wines ( Table 2 and Table 3 ) for the two periods of ageing. The composition of alcohols differed both qualitatively and quantitatively among the wines. The total concentration of the alcohols ranged from 6405.16 µg/L (Merlot from the south-east region) to 9637.64 µg/L (Cabernet Sauvignon from the north-west region) for the wines aged for 6 months, being 10,91% and 36.06%, respectively, of the total volatile compounds detected at this stage ( Table 2 ). The content of higher alcohols of wines aged for 12 months was ranged from 6878.20 µg/L (Fetească Neagră from the south-east region) to 22515.33 µg/L (from Cabernet Sauvignon from the north-west region) being 9.74% and 32.66% respectively, for volatiles detected at this stage ( Table 3 ). The concentrations of alcohols of the total volatile compounds in wines from our study were much lower compared with those reported in French wines 44 [48] .
This volatile fraction was mainly composed of isopentyl alcohol (bitter; harsh), isobutanol -(medicinal, wine-like), 2-phenyl-ethanol (roses, pollen, flowery) and 1-hexanol (floral, green, grass cut; herbaceous, fatty, resinous) as the major components in the overall volatile content of the wines. Our results are in according with those obtain in Italy [49] , [50] which reported also higher amounts of 2-phenylethanol and isopentyl alcohol in aroma compound classes in Negroamaro and Primitivo wines.
2,3 -butanediol cannot be expected to appreciably affect sensory qualities of wine, because of its slightly bitter taste, but it may contribute to the body of a wine because of its viscosity and its high content [51] . The amounts of 2,3 -butanediol in wines from our study (1336.68 -6895.2 µg/L) may be due to the malolactic fermentation or by aeration through barrels staves used for the first time. Similar amounts of 2,3-butanediol were found in Vilana wines in Greece [52] . In contrast with our results, others detected much lower amount of this compound in French, Polish, Italian and Spanish wines [48] .
Higher alcohols amounts changed with ageing, for majority an increase could be observed (Table 3) , perhaps as a result of hydrolysis of the esters or evaporation during wood maturation [53] .
Esters
Because the wine contains a large number of different alcohols and acids, a wide variety of esters could be formed. In our study, 11 esters were detected in the analyzed wines ( Table 2 and Table 3 ). The total concentration of esters ranged from 11116.14 µg/L (Cabernet Sauvignon from the north-west region) to 41165.43 µg/L (Merlot from the south-east region) for the wines aged for 6 months, being 42.43% and 70.43%, respectively, of the total VOCs detected at this stage ( Table 2 ). The content of ester of wines aged for 12 months was ranged from 19220.83 µg/L (Fetească Neagră from the southeast region) to 52467.93 µg/L (Merlot from the south-east region) being 28.31% and 76.62% respectively, for volatiles detected at this stage (Table 3) .
Wine samples show low concentrations of acetate esters and only two were detected ( Table 2 and Table 3 ). They were isoamyl acetate (fresh, banana) and octyl acetate (fruity, candy, pineapple, pear, floral) and they may produce synergistic effects on the overall flavor of wine, as they provide pleasant fruity notes.
Wines from the two regions showed differences in the concentrations of acetate esters. Increases in acetate esters in wine samples have been observed during the ageing of wines or remained stable, these findings being in agreement with other studies [54, 55] . Among ethyl esters, the most abundant compounds in wines samples were ethyl hexanoate, ethyl decanoate, and ethyl lactate, the same findings were reported for Italian wines, Spanish wines, Polish wines and French wines [48] .
The ethyl hexanoate (green apple; fruity; strawberries, anise note) is a volatile ester produced during fermentation process by yeasts, varied from a minimum of 86.44 µg/L in the samples of Fetească Neagră from south-east of Romania to a maximum of 434.53 µg/L for the same sample after 12 months of barrel aging. For all wine samples, this volatile compound registered an increase in concentration during ageing.
An interesting variability in the analyzed samples was for ethyl decanoate (fruity, grape notes) an ester specific for the alcoholic beverages. The highest quantity was identified in the samples aged for 6 months but decreased over time as wine ages due to spontaneous hydrolysis [16] . Except this trend was for Fetească Neagră wines from the north-west region, ethyl decanoate was not detected in wines aged for 6 months, but found in small amounts in wines aged for 12 months (9.64 µg/L) as shown in Table 3 . Also, Merlot wines from the south-east region aged for 12 months (Table 3) contained a higher quantity of ethyl decanoate compared with the samples aged for 6 months ( Table 2 ). The presence of esters in higher concentrations in wines from the south-east region compared to those from the north-west region might be explained by the different environmental conditions [38] .
Ethyl lactate (lactic, medicinal, raspberry and strawberry) is formed mainly during the malolactic fermentation, in red wines the concentration is higher, the large variation between the wines can be explained by the achievement of this compound during malolactic fermentation [56] . This compound varied from several to almost 24 mg /L in wine samples (Table 3) , the results are comparable with those found in Malbec wines [57] . The ethyl esters are among the key compounds in the fruity flavors and they make a general positive contribution to the general quality of wines. Besides the acetate and ethyl esters, some other fatty acid esters of higher alcohols were also identified, including diethyl succinate and diethyl malate (fruity). Diethyl succinate (wine, fruity, caramel) is an ester usually present in the fermented beverages that have been aged for several months.
Our results revealed that the majority of esters, except for ethyl lactate and diethyl succinate, were found in lower concentration as ageing time increased. Ethyl lactate and diethyl succinate showed constant concentration increases that could be caused by chemical esterification during the course of ageing.
Fatty acids
The production of fatty acids is dependent on the composition of the must and fermentation conditions [9] . Five fatty acids were identified in all wine samples. The total concentration of those volatile compounds ranged from 519.42 µg/L (Merlot from the south-east region) to 1829.62 µg/L (Pinot Noir from the north-west region) for the wines aged for 6 months, being 0.89% and 3.77%, respectively, of the total volatile compounds detected at this stage ( Table 2 ). The content of fatty acids of wines aged for 12 months ranged from 793.26 µg/L (Cabernet Sauvignon from the north-west region) to 5838.57 µg/L (Fetească Neagră from the south-east region) being 1.15% and 8.27%, respectively, for volatiles detected at this stage (Table 3) .
Volatile components belonging to the group of fatty acids, such as octanoic (rancidity, candy, cheese, animal, spicy, unpleasant) and hexanoic (cheese, greasy) acids, were detected and quantified in the wines and our results are supported by previous findings [58, 59] . Hexanoic acid and octanoic acid were found in all wine samples. In our study, fatty acids might have a positive impact on the aroma of the wines examined since their levels were all far below 20 mg/L [60] . Table 3 show a differentiated behaviour of fatty acid during ageing. For all wines, it was observed a small increase in medium-and long-chain fatty acids, such as hexanoic and octanoic acids, during ageing. The only except was for Fetească neagră from south-east region, whose concentration in hexanoic and octanoic acids changed slightly when comparing between wines with 6 and 12 months. Short-chain fatty acids, such as butanoic acid, increased his contents during wine ageing.
The level of the dissolved oxygen in wines decreased during ageing and then remained at a low level. This could explain why some volatile alcohols declined, but some aldehydes, acids, and esters were accumulated in the concentration within 6-12 months barrel aging.
Lactones
A considerable amount of butyrolactone (fruity, coconut-like notes) was found in all red wine samples, due to the fact that all wines were aged for 6-12 months in oak barrels. The presence of butyrolactone in wines could be an indication of a wine's oak ageing.
Other compounds
Acetovanillone arises from thermal degradation of lignin from oak barrels, although their extraction into wine occurs via different means [45] . Garde-Cerdan et al., 2002 [61] state that acetovanillone was extracted from the wine up to 10 months of ageing and afterward its concentration diminished slightly. This finding may be compared with our results, acetovanillona (vanilla) and ethyl vanillate (vanilla, honey), showed an increase during 12 months of ageing, for all wine samples. Moreover, for Cabernet Sauvignon wines from the north-east region and for Fetească Neagră wines from the south east region aged for 6 months, acetovanillone and ethyl vanillate were not detected. During aging, the level of the dissolved oxygen in wines decreased and stays at a low level and this could explain why some volatile alcohols declined, but some acids and esters were accumulated in the concentration within 6-12 months barrel aging.
Of the chemical groups found in the volatile fraction of the red wines sample analyzed, esters were present in the highest number (11), followed by alcohols (10), acids (5), lactone (1) . The predominance of volatile compounds belonging to this class of esters, alcohols, and acids has been previously observed by Welke et al., 2012 [62] and Jiang et al., 2013 [12] , Ivanova et al., 2013 [3] , Arcaria et al., 2017 [63] , in different varietal red wines.
CONCLUSIONS
A total of 29 volatile compounds were determined by GC-MS in red wines produced in Romania. Considering all the detected volatiles, esters and alcohols were the main contributors to the overall volatile composition of the wines, which made up to 30-70% and 10-35% of the total level of volatiles, respectively. Wines aged for 12 months contained a higher amount of volatile compounds compared to the wines aged for 6 months. The Romanian red wines were characterized by higher level of esters, alcohols, and lactones. The volatile compounds in red wines aged for two periods of time are strongly marked by a decrease in the concentration of esters as the ageing time gets longer, with only ethyl lactate and diethyl succinate showing an increase. Higher alcohols amounts increased with ageing maybe as a result of hydrolysis of the esters or evaporation. The high amount of butyrolactone in all sampled wines is an indication of the ageing of these wines in oak barrels.
Considering all volatiles detected, esters and higher alcohols are the main aromatic contributor for Romanian wines in both oenological regions.
EXPERIMENTAL SECTION

Vineyard
Grapes were collected during the 2016 season, at commercial harvest, in the wine producing areas Dobra and Rătești both located in Satu Mare County (north-west region of Romania) and Aliman, located in the Constanța County, south-east of Romania. Table 4 shows climatic conditions from the two regions and latitude, longitude and altitude of the areas were determined with the global positioning system GPS apparatus.
In an effort to identify volatile compounds related to grape variety and wine characteristics rather than growing conditions, wine samples were sourced from three commercial vineyards located in the mentioned regions. 
Wine samples
The wine samples consisted in five red wines from two wine regions: Cabernet Sauvignon, Fetească Neagră and Pinot Noir (from Satu Marenorth-west of Romania) and Fetească Neagră and Merlot (from Constanța -south-east of Romania) were kindly donated by wineries. All the wine samples were from the same vintage, 2016.
All wine samples were fermented in stainless steel fermenters at 20-32°C and the malolactic fermentation was performed ten days after the alcohol fermentation. Wines were aged in the same type of oak barrel provided by the same tonnellerie, for 6 months and 12 months. The oaks from species Q.robur were grown in the forests of Arad County. The oak barrels were medium toast (2.5 hours, toast temperature -120-160°C).
All samples were kept at 4°C before the analysis. Oenological parameters were analyzed for two reasons: first, some of them are directly connected with wine quality (volatile acidity and ethanol content), with wine stability (pH, titrable acidity, levels of tartaric acid, levels of sulphur dioxide); second, they are closely correlated with the extractive capacity of wines.
All the wines were elaborated and aged in the winery and cellars of Dobra Wine (situated in Dobra -Satu Mare County), Rătești Wine (situated in Rătești -Satu Mare County) and Alira Wine (situated in Aliman -Constanța County).
Chemicals and Reagents
The reference standards, 2-phenyl ethanol, ethyl decanoate, butyrolactone, isoamyl alcohol and 1-octanol (used as internal standard, IS) were supplied from Fluka. Dichloromethane, used for extraction of volatiles, was purchased from VWR. The standard stock solutions were prepared by dissolving 10 mg of each reference compound in 10 ml of dichloromethane.
Liquid-liquid extraction
The protocol used by Andujar-Ortiz et al., 2009 [64] , was adapted and used for isolation of the volatile compounds from the wine samples. To 50 ml of wine spiked with 1-octanol (614 µg/L concentration) internal standard was added 20 mL of dichloromethane and placed in Erlenmeyer flask equipped with a ground stopper. The extraction was carried out under continuous stirring in an ice bath for 30 minutes. Then the mixture was kept for 15 minutes in an ultrasonic bath at the same temperature, to avoid possible formation of an emulsion. After separation, the organic layer was dried on Na 2 SO 4 , evaporated under a nitrogen stream to approximately 200 µL volume of the extract. From this solution, 1 µL was injected into the GC-MS system. All extractions were carried out in triplicate.
GC-MS analysis
Analysis of wine volatile compounds was carried out using a Shimadzu QP 2010 PLUS Mass Spectrometer coupled with Gas Chromatograph (Shimadzu) equipped with a Carbowax type column from Agilent, with a dimension 30 m x 0.32 mm ID and 0.50 µm film thicknesses. The carrier gas was He (6.0) with a flow rate 1.7 mL/min. The working parameters were: injector temperature 250°C, the ion source temperature 220°C, and the interface temperature 250°C. The column temperature program was conducted as follows: 40°C was the initial temperature for 5 min, increasing at a rate of 4°C/min to 220°C, and holding 220°C for 15. The electron impact (EI) was set at 70 eV. A mass range of 35-500 m/z was recorded at one scan per second.
Calibration curves
For quantification, five-point calibration curves were constructed for the following standard compounds: isoamyl alcohol (31-63000 µg/L), butyrolactone (30-62000 µg/L), ethyl-decanoate (48-15000 µg/L) and 2-phenyl ethanol (64-12900 µg/L), containing the internal standard (1-octanol). The linearity data VOLATILE COMPOSITION OF SOME RED WINES FROM ROMANIA ASSESSED BY GC-MS 139 of the analytical method are presented in Table 5 . As can be seen from Table  5 , the linearity is satisfactory in all cases with correlation coefficients (R 2 ) ranging from 0.9954 (ethyl decanoate) to 0.9991 (butyrolactone). 
